Part 3 Some Examples of Climate Controls on Sedimentation
The role of climate as a primary control on stratigraphy is the cornerstone of this volume. The emphasis on climate is in distinct contrast to most previous studies, in which stratigraphic variability has been related to changes in sea level and in tectonic activity. Furthermore, the findings, derived from several years of detailed study of modern and ancient key geologic sections around the world, indicate that traditional depositional models generally do not fully explain the origin of fossil fuels. For example, the stratigraphic occurrences of mineable Pennsylvanian coal beds are best explained by a comprehensive global climate model applied to basin-fill sedimentation rather than by the classic deltaic depositional models. In addition, comprehensive global climate models explain more fully the development of hydrocarbon source rocks (black shales), reservoirs, traps, and seals in epicontinental systems. Although the results of the studies presented in this volume are intended to contribute to the disciplines of sedimentary geology and stratigraphy, the contributors recognize that their results may also contribute to a better understanding of global climate change.
The theoretical background of climate control on sediment supply and stratigraphy is presented in the volume. With this background in place, detailed documentation and analysis of climate control on the lithologic variation of a single Middle Pennsylvanian cyclothem (fourth-order sequence) is elucidated. The argument for climate control is strengthened by the ability to correlate this single sequence across the United States, from the Appalachian Basin to California, representing a wide range in temporal and spatial climate change during the Pennsylvanian. The example from the Carboniferous is followed by several case studies in which climate controls sediment supply and stratigraphy in a range of Quaternary environments (deep marine, shallow epeiric seas, and eolian desert settings). A presentation of numerical modeling of Pennsylvanian climates and a discussion of paleoclimatic influences on the occurrences of petroleum complete the volume.
The volume is presented in three parts. Part 1 provides background information on the importance of climatic controls on sedimentation. The first two papers review the concepts of allocyclicity and present classifications of temporal climate change and seasonality of rainfall. Empirical models that relate seasonality of rainfall to fluvial transport of solids, fluvial transport of solutes, peat formation, and eolian transport are also developed in Part 1. In addition, Part 1 presents data in support of the empirical sediment-supply models by discussing sediment-supply differences in river systems in Indonesia where solid and solute sediment-supply are related to climate. Finally, variations in sediment supply are related to changes in climate induced by precession cycles of the earth's orbit, and by the presence or absence of polar ice.
Four papers in Part 2 evaluate tectonic, eustatic, and climatic controls on the stratigraphy of a Middle Pennsylvanian (Desmoinesian) cyclothem, and the fifth paper summarizes the tectonic setting of the conterminous United States during the late Middle Pennsylvanian (Desmoinesian). Cyclothem boundaries were defined on the basis of field identifications of unconformities interpreted as exposure-surface paleosols, whereas biostratigraphic correlations were used to identify the study cyclothem among basins across the North American continent. Paleoecological interpretations were used to approximate spatial and temporal changes in paleoceanography of epeiric seas. The results presented in Part 2 suggest that tectonics and eustasy controlled accommodation space, but climate change controlled temporal and spatial variations in winddriven circulation, sediment supply, sedimentation, and stratigraphy of cyclothems. The stratigraphy of the cyclothem is best explained by the amount of continental ice in the southern hemisphere of Pangea, which modulated both sea level and temporal and spatial changes in paleoclimate. Continental ice in low latitudes of Pangea induced atmospheric conditions that caused the equatorial regions to be climatically wet, whereas the absence of continental ice resulted in drying and increased seasonality.
Papers in Part 3 of the volume illustrate the following: (1) climatic controls on sediment supply in marine environments and in desert environments, (2) numerical modeling of ancient climates, and (3) climate influences on the occurrence of petroleum. Spatial changes in climate along the Andes Mountain chain illustrate that the deepest part of the Peru-Chile trench is sediment starved adjacent to the hyperarid zone in the Andes Mountains. The climatically controlled sediment fill in the Peru-Chile trench is an analogue for the late Paleozoic sedimentation of the Ouachita trough of North America. Shallow seismic records of numerous Pliocene to Recent transgressive-regressive cycles in the modern Gulf of Carpentaria, northern Australia, appear to be excellent modern analogues for eustatic and climatic processes in ancient tropical epicontinental depositional systems. Patterns of Quaternary sediment distribution and stratigraphic accumulation in Tunisia, along the northern margin of the Sahara Desert, show that the construction of stratigraphic records requires certain climatic conditions. Numerical models for the late Middle Pennsylvanian illustrate the potential to simulate ancient climates. The final paper in Part 3 points out that temporal changes in paleoclimate controlled the origin of hydrocarbon source rocks, reservoirs, traps, and seals in Pennsylvanian strata in the western United States.
